Calculating decay-associated spectra (DAS) is a common mode of analyzing complex fluorescence decay in proteins. Unfortunately t these spectra are attributed almost exclusively to certain species in the population of macromolecules (rotamers), often without sufficient evidence. An alternative explanation of decay heterogeneity, based on structural relaxation, was believed to require a negative DAS component. Here we demonstrate that dipolar relaxation of the indole molecule, lacking any rotameric forms, doesn't always result in negative pre-exponential amplitude. We conclude that the shape of DAS alone is not sufficient to differentiate among various causes of heterogeneity of tryptophan fluorescence decay in proteins.
Tryptophan fluorescence in proteins is known to exhibit a complex decay, which nevertheless can be fitted to a sum of exponentials: I it) e expC-t/rj). The origin of the decay heterogeneity has been the subject of multiple studies as well as the recent e-mail discussion summarized by Dr. Callis at the meeting of the Biological Fluorescence subgroup of the Bio physical Society [1 ] . The two main interpretations are the excitation-state relaxation hypothesis (reviewed in [2, 3 ] ) and the rotamer hypothesis [4] [5] [6] . The latter provides a rationale for global analysis of multiple kinetics [7] . Normally, fluorescence lifetimes, r,, are designated to be global (i. e. shared between the data sets), while pre-exponential amplitudes, a i9 are de signated non-global. In this way, the global analysis can be used to recover the spectral distribution of a t (the so-called decay-associated spectra or DAS). Ho wever, from the very start, the authors of the Global © A. S. LADOKHIN, 2001 approach clearly stated the complexity of interpreting DAS when excited-state reactions are involved, and stressed the necessity of distinguishing DAS from species-associated spectra (SAS) [8, 9] . Unfortuna tely, in the vast majority of the studies of tryptophan fluorescence in proteins in which DAS are recovered, the latter are attributed exclusively to certain species in the population of macromolecules (rotamers). Numerous studies indicate that chemical he terogeneity [10] and dipolar relaxation [11, 12] in indole's environment lead to complex fluorescence decay. Obviously, indole is deprived of any rotameric forms which simplifies the interpretation. The main argument used against the relaxation hypothesis for protein fluorescence decay heterogeneity was the absence of the negative pre-exponential component on the red wing of emission [1 ] , thought to be a necessary hallmark of the relaxation. Indeed, this feature, reported for indole in glycerol rich (90 % or more) solutions [11, 12] , is seldom seen in proteins. However the DAS that exhibits a negative component There is no possibility to determine from the appearance of the spectra which of them are related to the excited state relaxation and which to the ground state heterogeneity in model solutions corresponds to the shortest of three lifetimes and might not always be observed. We had suggested that the existence of DAS with negative amplitude is a sufficient but not necessary indication of excited state reactions [11 ] . Here we examine this issue in more detail, using water/glycerol mixtures with lower glycerol content (3/2 volume units), re ferred to below as 40 % glycerol. All other experi mental details and procedures for calculating DAS were exactly the same as those used in the previous study [11 ] . Global % 2 for fits presented here were 1.1 or less.
The DAS for indole in 40 % glycerol collected at 10 °С using two different excitation wavelength are presented in Fig. 1 . For this mildly viscous solution only two decay components are required to fit the data and no negative preexponential is observed. Note that the decay time of a minor component decreases under conditions of red-edge excitation (right panel). This change is not consistent with the two-state relaxation in solvate (defined as a chromophore and its solvent shell). Instead, a continuous relaxation in the ensemble of sub-states should be considered. This type of relaxation is well documented for organic dyes in viscous isotropic media and when bound to lipid vesicles (reviewed in [13] ). In all cases listed above, non-exponential behavior of fluorescence decay could be explained using a concept of inhomogeneous bro adening of electronic spectra of single molecular species. There is no reason why the same concept should not be applied to an indole chromophore in a complex and heterogeneous environment inside the protein.
The DAS for tryptophan zwitterion in water and in 40 % glycerol is presented in Fig. 2 . Two components observed in water (left-hand panel) are related to rotameric forms [4] . Addition of the relaxation expected for the mixture (right-hand pa nel) complicates the picture. While the longest lifetime appears unchanged, the second one increases by a factor of two. and the third subnanosecond component appears. It is likely that the latter is the product of relaxation (compare to the shortest lifetime on Fig.  1 ), however it might be not the only one. Overall the three DAS obtained for this model system are very typical for those measured with real proteins. Thus, even in the absence of negative preexponential, the DAS for protein could still be influenced by the relaxation phenomena. Indiscriminate application of the global analysis and one-sided interpretation of the results can lead to the over interpretation of fluo rescence data. For tryptophan fluorescence we recom mend two recent studies [11, 14] that suggest the experimental criteria for choosing among various interpretations. One should be careful to chose the physically relevant model for doing global analysis, otherwise one risks ending up chasing a black cat in a dark room.
